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The Interaction of Coagulation Factor V and Vascular Endothelial Cells

a Thesis by Thelma Jannette Cerveny, Major, USAF, 124 pages
1984 ‘
Doctor of Philosophy degree awarded by ‘
the University of Minnesota, Mayo Graduate School of Medicine :

Mayo Clinie/Foundation
ABSTRACT

g Bovine aortic endothelium was studied in vitro with respect to synthesis
of coagulation factor V. Supernatant sémples and solubilized cells, from
confluent cultures, were analyzed for factor V in a two-stage bioassay and in a
double-antibody radioimmunoassay. Confluent cultures were processed for
indirect immunofluorescence using monoclonal and polyclonal primary anti-
bodies. Preconfluent cells were pulsed with ®3S-methionine in methionine-free
culture medium and resultant culture supernatants were chromatographed on
factor V monoclonal antibody-Sepharose resin to isolate the intrinsically
labelled *°S-factor V. Isolated materials and '?°I-factor V/Va standards were
analyzed by electrophoresis followed by autoradiography.

‘The bioassay revealed an increase of functional factor V, with time, in the
culture supernatant, while solubilized cells were negative for functional factor
V. Radioimmunoassay results indicated an increase, with time, of factor V/Va

antigen in culture supernatants, and a constant level of antigen per cell from
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solubilized cells. Not all cells provided a positive fluorescence signal, endothe-

lial cells stained differentially for factor V/Va with both the monoclonal and
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N a
- polyclonal antibodies. Autoradiograms of electrophoresis gels with samples
x from immunoadsorbed 3°S-culture products, and '2%I-factor V/Va standards :
‘\t

3& revealed labelled proteins with electrophoretic mobilities consistent with '25]-
':3 factor V/Va standards. Data from bioassay, radioimmunoassay and 23S-

> methionine incorporation each indicated factor V had been synthesized by

< cultured bovine aortic endothelium, while immunofluorescence data indicated
Eg-"- factor V was associated with endothelial cells.

. Additional, preliminary studies, associating factor V and the prothrom-
A
\ binase complex with endothelium, were accomplished through 1251_factor V/Va

o~

2 binding and S-2238 chromogenic assays. \“sl-factor V/Va binding indicated

N factor V/Va definitely binds to endotheli+l cells in vitro. And S-2238 assays
, indicated that endothelial cells can provi\ge a surface/receptor site for pro-

|

- thrombinase complex for mation.
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o INTRODUCTION

Endothelium is a widely dispersed "organ" of diverse capabilities. It
provides the lining for the cardiovascular and lymphatic systems. While this
lining is ubiquitous, it is not all one piece, the individual _clls are assembled
together to form a mosaic. Histologically, endothelial cells from different
vascular sites display various individual morphology (1,2). Studies of endothelial
ultrastructure have revealed regional differences with respect to organelles and
intercellular connections (3), and biochemical techniques have exposed even
greater specialization at the molecular level (4). Recently, as awareness of the
complexity of endothelium has increased, the realization that it is not simply an
inert barrier between blood and tissue has dawned. The endothelium is a widely
distributed organ of great biological potential, that not only extends throughout
the body providing a non-thrombogenic vascular lining, but is intimately
involved in other distinctive biological functions in various vascular sites and in
particular organs (1).

Regional differences in biological function of endothelium are most
apparent when comparing arterial and capillary walls: the capillary wall is
virtually only endothelium, while arterial endothelium is the innermost of a
complex number of layers consisting mainly of muscle and connective tissue.
Arterial endothelium also differs from venous endothelium in structure and
function. It seems almost every organ has endothelium adapted to its needs.

It is unlikely that the properties endothelium has during fetal and new
born stages persist throughout the life of the organism. As with other organs
and tissues, changes probably occur in response to environmental and physiolog-

ical stimuli. It would be reasonable to assume that endothelium, because of its
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location as the lining of the vasculature, would continuously adapt to the
changes in blood composition, volume of flow, and pulsatile pressures, which
continuously operate over a lifetime. ’

The vascular endothelium represents a unique case of epithelial different-
iation, that makes possible massive exchanges between the blood plasma and
interstitial fluid. Other functions of endothelium include macromolecular
synthesis of proteoglycans, the production of proteases, interaction with other
cell types -i.e. leukocytes and platelets, regulation of blood flow, control of
inflammatory reactions, and control of blood coagulation and clot removal
(1,2,5).

Traditionally three factors have been considered important in the phe-
nomena of thrombosis and hemostasis: the interaction of plasma procoagulants,
stasis of blood flow, and the contributions of platelets and vascular endothe-
lium (1,2,6). Many researchers have suggested that thrombosis starts at the
level of the vascular wall. Injury of the vascular endothelium exposes basal
lamina fibronectin to blood, and this rapidly leads to platelet adhesion and
aggregation, as well as activation of the blood's soluble phase clotting system
(2). These phenomena lead to the development, and growth, of a hemostatic

plug, or mural thrombus, on and around the injured endothelium and exposed

subendothelial layers.
A new interest has recently developed in the study of vascular endothe-
lium. The development of tissue culture techniques pioneered by laffe et.al.

(7,8) and others have made possible study of endothelial cells in vitro.

."1;4 .

Endothelial cells can now be removed and isolated from their basal lamina and

a_ @
ptsaa

successfully grown in culture. This recent interest in the study of endothelial
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cells has provided a new source of information, indicating that endothelium is
directly involved in certain aspects of thrombosis and hemostasis. It has
become accepted, that endothelial cell function can be influenced by substances
which also influence certain aspects of blood coagulation (9,10). Recent studies
indicate that endothelial cells are responsible for synthesis, storage, and even
release of substances which directly affect blood coagulation mechanisms (2).
Endothelium is now being viewed as having a direct role in blood coagulation
reactions (2).

The hemostatic blood clotting response to trauma occurs in the region of
damage, and does not consume the total systemic coagulation-related humoral
and cellular elements in blood. The response, and regulation, of this system is
most likely a result of accelerated production of clotting activity by coagula-
tion factor complexes in the local trauma area, which are prevented from
disseminating from the site by downstream clotting inhibitors. When the
response starts, formation of coagulation factor complexes provide a rapid
delivery of enzymatic activity to the trauma area. This complex formation
enables enzyme localization via the interaction of cellular and humoral
components of the blood coagulation system.

The enzymatic complexes, generated by the humoral components of the
coagulation system, are depicted in Figure 1, from Mann and Fass (11). The
intricate feedback activation mechanisms of the contact activation system
results in the initiation of "intrinsic blood coagulation" and factor XI activation.
This first enzymatic complex consists of factor XII (Hageman factor), prekalli-
krein, high molecular weight kininogen, factor XI and an ill-defined negatively

charged "surface", which provides a reaction site. The consequence of this

Page 3
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Figure 1. The enzymatic complexes of the blood coagulation system. The sub-
strate of the first complex of the intrinsic portion of the cascade is factor XI,
N which, by an intricate cooperative feedback mechanism with the other compo-
i:E nents of the complex, becomes converted to factor Xla, which in turn activates
factor IX to IXa. Factor IXa then plays an integral role in the next complex,
.. catalyzing the conversion of factor X to Xa. The extrinsic pathway's initiating
‘: complex has two substrates, one is factor IX, which is converted to factor 1Xa,
and the other is factor X, which is converted to Xa. The last complex, whose
.. enzyme element is factor Xa, is the common point upon which both the
:: extrinsic and intrinsic pathways converge. This complex, called "prothrombin-
’: ase", catalyzes the conversion of prothrombin (factor II) to thrombin (factor
b I1a).
-
.
-
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intricate activation results in enzymatic complex activation of factor XI to

Xla, which in turn activates factor IX to IXa. The next complex down the
cascade consists of factor IXa, the cofactor Viii(a), calcium, and a phospholipid
surface. The substrate of this complex is factor X, which becomes activated to
factor Xa. Factor Xa then becomes an integral part of the next enzyme
complex with cofactor V(a), calcium, and, again, the phospholipid surface. This
last enzyme complex is known as the prothrombinase complex (11,14-17).
Prothrombin, factor II, is the important zymogen which is catalyzed to
thrombin (Ila), by activity of the prothrombinase complex. Thrombin then
cleaves fibrinogen, its most abundant substrate, to yield fibrin polymer, which
becomes cross-linked/stabilized by the action of activated factor XIII (XIlIla),
forming a net-like skeleton which entraps platelets and other cells and debris to
form a clot. Thrombin also activates "feedback" substrates, such as factors V
and VIII, as well as the fibrin cross-linker, factor XIII, and its own zymogen
prothrombin.

Prothrombinase has been the most extensively studied blood clotting com-
plex. The availability of purified complex components has enabled studies to
provide a reasonable description of how the complex is assembled, and why this
assembly is so crucial to timely regulation of hemostatic crises (11). The
significance of complex formation, with all elements present, is demonstrated
in Table 1. This table represents the relative importance of complex compo-
nents in enhancing prothrombin conversion by the enzyme factor Xa, as
compared to factor Xa alone, which has a relative rate of conversion of |.
These relative rates illustrate the significance of having all complex compo-

nents present for optimum prothrombin conversion. Deletion of any one
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Table 1. Relative Reaction Rates of Components of the Prothrombinase

Complex in Various Combinations of the Components.

» Components present Relative rate

- Xa 1.0
Xa, PCPS 1.0
Xa, ca*t 2.3
- Xa, Ca**, PCPS 22.0
N Xa, Ca**, PCPS, Va 278,000.0
Xa, Ca*", va 356.0
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Table 1. Relative reaction rates of components of the prothrombinase complex

o in various combinations of the components. Rates are all expressed relative to

e

s ‘e
LR IR

the enzymatic action of factor Xa alone. PCPS = phosphatidylcholine-

L
»

1

phosphatidylserine vesicles, an artificial phospholipid surface upon which

. . . . . . ++ .
optimum prothrombin conversion to thrombin occurs in vitro. Ca = = calcium

2,8 48

present as CaCl2 in the reaction mixture. Va = factor V which has been

activated by thrombin to factor Va the active cofactor in the prothrombinase

\ v. "
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e component decreases the reaction rate at least 1000-fold. The interactions of
.-_..:
L~ < the enzyme (factor Xa) with its cofactors (factor Va, Caz’, phospholipid
ftj:_Z: surface) have been studied using phosphatidyl choline phosphatidyl serine
Z:j:; (PCPS) vesicles as a model surface, see Table . In addition, the molecular
" interactions of factor Xa and factor Va have been accomplished (51), with the
E::‘: platelet serving as the phospholipid surface. These studies indicate that factor
AN
j:::'; Va seems to be the platelet or phospholipid-bound receptor for factor Xa, and
5;5
. that factor Va is responsible for localizing factor Xa onto cell or phospholipid
LN
y surfaces (11,15,17,43,51). While the PCPS-prothrombinase model, used to
EZ:: obtain the information in Table 1, cannot totally reflect the complexity of cell
i systems, eg., platelets, it can provide a workable model for prothrombinase
o function in vivo (14).
SIS —
‘_::::; A hypothetical structural model of the microenvironment in which pro-
oy
thrombin catalysis takes place was proposed by Nesheim et al. (15), see Figure
..-;'-7',' 2. The curved surface represents a phospholipid vesicle surface. The
hydrophobic factor V molecule is embedded in the surface with factor Xa bound
in a 1:l stoichiometry. The cleavage of factor V to factor Va, is depicted by
::-" the large cleft in the model, within which the catalytic element of prothrom-
:Zi:_'_: binase (factor Xa) can be sequestered with prothrombin, thus greatly enhancing
2
'S the enzymatic reaction rate. It is likely that a similar process occurs on the
jZ:‘-;Z platelet surface, as binding studies of factors Xa and Va on platelets also
- indicate a 1:1 stoichiometry (51). Prothrombin is shown localized within the
. Va-Xa complex by Ca2+ bridging to the phospholipid surface.
:Ef:_ Platelets play an important role in maintaining hemostasis, and may
provide a surface for formation of the prothrombinase complex in vivo (43,51).
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Figure 2
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Figure 2. Model of the activation of prothombin by the prothrombinase
complex. The large factor Va molecule is embedded in a phospholipid bilayer
\ with factors Xa and II (prothrombin, shown with its three domains: Pre-2, Fl,
and F2) sequestered in close proximity to one another, within a cleft of the

i

N factor Va molecule. The dark dots represent calcium bridging, which may
N secure the enzyme and substrate within the cleft, thus providing optimum
. conditions for the rapid thrombin production necessary for hemostasis.
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There is no apparent direct interaction between the prothrombinase substrate,
prothrombin, and platelets. However, human and bovine factor Xa binds to a
specific platelet receptor. This receptor appears to be absent in factor V-
deficient human platelets, thus implying that factor V or Va may be the
receptor (43,51). Exogenously added factor Va binds to isolated platelets with
greater affinity than does the procofactor, factor V (43), in add:-ion, factors V
and Va are sequestered inside the platelet. Upon platelet activation, the
sequestered factor V/Va may be released into the immediate microenvironment
to significantly enhance the rate of thrombin production. Most likely the
conversion of prothrombin to thrombin occurs on the platelet surface, which
promotes fibrin formation, resulting in a clot at the site of vascular injury.

Tissue damage trauma activates the extrinsic coagulation pathway com-
plex of factor VII, tissue factor, calcium and a phospholipid surface which, in
turn activates factor X to Xa. Thus, there seems to be an interrelationship
between the intrinsic and extrinsic activation pathways of the clotting cascade
for activation of factor X to Xa. The frequently mentioned phospholipid
surface can be provided by any of the cellular.elements involved, or perhaps, by
cellular debris. These complex formations result in tremendous increases in
enzymatic rates in the clotting processes, and the accompanying decrease in
rates of inactivation processes of the activated coagulation factors. Thus,
complex formation accelerates processing of coagulation substrates, while it
decreases the ability of coagulation inhit_:itqrs to stop enzymatic activations
(11).

An interesting observation, demonstrating the role of endothelium in

synthesizing plasma components with hemostatic activity, occurred when
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endothelial cells were shown to synthesize portions of one of the essential

cofactors, factor VIII: VIil:antigen (VIII:Ag) and VIll:von Willebrand factor
(VIII:vWFX12,13). For many years the site of synthesis of the multi-moiety VIII
molecule had been speculative. In 1972 DeLos Santos and Hoyer (18), for the
first time, described the presence of factor VIII:Ag in vascular endothelium
using an immunofluorescence technique. A year later, other investigators
(12,19,20) also demonstrated the presence of factor VIII:Ag in vascular endothe-
lial cells, and indicated its possible role in hemostasis and thrombosis. In 1974,
Jaffe et al. (21) discovered that endothelial cells release factor VIII:vWF into
the culture medium. In addition, they later demonstrated the synthesis of
factor VIII:Ag by RIA, and further demonstrated that the amount of factor
VIII:Ag had increased in the culture medium in a linear fashion over a three day
period (13). These studies provide information indicating that endothelial cells
are capable of providing two of the important factor VIII complex moieties,
VIlI:Ag and VIII:vWF, though the site of synthesis of the coagulant portion of
the molecule is still unknown. These observations have documented a direct
role of endothelial cells in blood coagulation and hemostasis.

The other essential cofactor in the coagulation cascade is factor V, a high
molecular weight (330,000 dalton, as determined by sedimentation equilibrium)
single chain plasma protein, which, upon activation, serves as the cofactor for
the optimum conversion of prothrombin to the blood clotting enzyme thrombin
(11,15,16,22). Factor Va, cofactor for the reaction, is found in plasma in the
form of a "pro"cofactor, factor V (17). The "pro"cofactor is converted to the
active cofactor as a result of proteolytic cleavage by thrombin. Thrombin

cleaves factor V in at least four places in the polypeptide chain, resulting in
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several fragments (see Figure 3), two (94K and 74K) of which express cofactor
activity in the prothrombinase complex. As indicated in Table 1, the deletion
of factor Va from the prothrombinase complex results in a lO“-fold decrease in
the rate of prothrombin conversion to thrombin, as compared to factor Xa
alone. Thus, ftom a physiological standpoint, factor Va, as well as other
prothrombinase components, must be present for a timely hemostatic response.

Factor V is an extremely labile protein, is found in human plasma at about
7 ug/ml, is very susceptible to protease action, and is, therefore, very difficult
to isolate intact. It shares many physical and chemical properties with factor
VIIl. They both have high molecular weights, both are activated by thrombin,
both serve as essential cofactors in enzymatic complexes, increasing the rate of
enzymatic catalysis multifold when they are present, both have sedimentation
coefficients in the 8-9S range, both bind to QAE cellulose and octyl-Sepharose,
and both are inactivated by ethylenediaminetetraacetic acid (EDTA) (11).

The site of synthesis of factor V is unknown. Liver perfusion studies have
indicated that many of the coagulation factors, including V,VIIL,XLXII and the

vitamin K-dependent factors ILVILIX and X, increase in the perfusate (23-27).

However, the liver contains many cell types: parenchymal, biliary (epithelial),

¢

ety

vascular (endothelial) and associated smooth muscle, and connective tissue.

(Y]
L]
N S

-; Immunofluorescence of liver sections has indicated that vitamin K-dependent
p . -

2~ factors are located in the liver parenchyma (23). Factor VIII:vWF and VIII:Ag
;::::j have likewise been associated with vascular endothelium in the liver, as well as
- ,

N in other tissues (skin and kidney) (20,21).
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:-j;. Figure 3. Activation of the Factor V Molecule. Activation is believed to occur
A
through thrombin (Ila) cleavage of the 330,000 dalton single chain protein to
\ ' yield two intermediates with apparent molecular weights of 205,000 dalton (B#*)
E;: and 150,000 dalton (C). The further cleavage of component C, also by
thrombin, yields end products with molecular weights of 94,000 (D) and 71,000
\ (F). Most of the activity of Factor Va is temporally associated with cleavage of
:ZIE component C. Cleavage of the 205,000 dalton intermediate occurs at a slower
:Ilj rate yielding products with apparent molecular weights of 92,000 (Dl)’ 74,000
(E*#) and 31,000 (G). Some increase in activity, relatively minor by comparison
f.E: to cleavage of component C, may accompany the slower cleavages of
>
L component B.
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The chemical and physical similarities between factors VIII and V were

used as the basis for an hypothesis to determine if cultured bovine aortic
endothelial cells synthesize coagulation factor V, since endothelium is known to

synthesize coagulation factors VIlI:Ag and VIII:vWF.
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EXPERIMENTAL PROCEDURE

Materials and Methods

Cell Culture and Preparation of Primary Cultures:

Bovine aortas were obtained from Rock Dell Meats and Processing, Rock
Dell, MN. Nalgene sterilizable containers were obtained from Fischer Scien-
tific, Pittsburgh, PA. Monobasic and dibasic sodium phosphate, sodium chloride
and glucose were from Fisher Scientific, Pittsburgh, PA. Powdered medium 199
was from M.A. Bioproducts, Walkersville, MD. Hyclone fetal bovine serum was
supplied from Sterile Systems,Inc, Logan, UT. The following antibiotics were
used: amphoteracin (Fungizone), Squibb, Princeton, NJ; gentamycin (gara-
mycin), Schering Corp.,Kenilworth, NJ; penicillin, Parke-Davis, Santurce,PR;
and streptomycin, Eli Lilly and Co., Indianapolis, IN. Type IV collagenase was
obtained from Boehringer-Mannheim, Indianapolis, IN. Trypsin was from Sigma,
St. Louis, MO. The medium 199 was solubilized in ultra-filtered water and pH
adjusted, according to package instructions, immediately prior to filter sterili-
zation through a Millipore Sterilizing 142mm filter unit, with pre-filter and 0.22
micron filter membrane, from a Gelman 11 liter pressure reservoir tank, using a
5% air-5% CO, gas mixture at 20 psi. The medium was then stored at 4°C, in
sterile 500 ml medium bottles, for no longer than six months.  Phosphate
buffered saline was filter-sterilized and stored in the same manner. RPMI-1640
medium was prepared from the "Select-an-amine" kit from Gibco, Grand Island,
NY, and was made deficient in methionine. All surgical equipment and supplies
were obtained through Methodist Hospital, Rochester, MN. Culture dishes and

tubes were obtained from CoStar, Cambridge, MA. Endothelial Cell Growth
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Supplement (ECGS), for human endothelial cell cultures, was from Collabor-
ative Research, Inc.,Waltham, MA. Red Rim sterile filtration units were from
Schieicher and Scheull, Inc., Keene, NH. Fresh frozen plasma for preparation
of fibronectin, was purchased from Mayo Clinic Blood Bank, and fibronectin was
prepared by the method of Roushlati et al (28). Cytodex III microcarriers were

from Pharmacia Fine Chemicals, Piscataway, NJ.

,'-’.:f-_. Bovine aortas were obtained within thirty minutes of animal exanguina-

tion, and transported in 0.01 M sodium phosphate, 0.15 M NaCl, pH 7.4 (PBS), 1
mg/ml glucose, 10 ug/ml gentamycin, 1 ug/mi amphoteracin at 4°C. Vessels
were washed in the transport fluid to remove any blood components remaining.
Accessory vessels were either sutured or tied closed, and one end of the aorta
was sealed by stapling closed. A 37°C filter-sterilized solution of 0.6 mg/ml
collagenase in PBS was placed into the vessel, and the remaining end clamped
closed. The vessel was then placed into a 37°C PBS bath for a thirty minute
incubation. The enzyme solution was decanted at the end of the incubation
time, the vessel was filled with 37°C PBS, and mechanical agitation (gentle
scraping with a rubber policeman or external mechanical blows from a large

dull instrument or, the most successful method, manual manipulation by

squeezing the PBS back-and-forth inside the sealed vessel) was used to dislodge

P. vl

the luminal endothelium. The cell suspension was decanted into sterile 50 ml
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Co-Star polypropylene conical centrifuge tubes, and centrifuged at 200 g for

Ef )

five minutes at room temperature. Supernatant PBS was then aspirated from

y;

!
]
I

g-'.- the cell pellet, 37°C medium 199 supplemented with 10% FCS, 20 U/ml
penicillin, 20 ug/ml streptomycin (hereafter referred to as medium 199 or
, medium) was added and the cell pellet suspended in the medium. The cell
o

E"’ Page 19
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suspension was then used to seed cells into 1) 100 mm polystyrene culture
dishes, used for labelled amino acid incorporation studies, 2) é-well cluster
dishes, containing tissue culture washed and sterilized glass cover slips, which
had been pre-coated with 30 ug/m! human fibronectin in medium 199, used for
immunofluorescence studies, 3) 6-well cluster dishes , used to contain Cytodex
3 microcarrier beads for binding studies, and 4) 24-well cluster dishes, also
used for binding studies. Culture supernatant, to be used for the bioassay and
radioimmunoassay, was taken from all culture sources. Fresh medium was
added the day after plating, and the cultures were allowed to become confluent
(2-9 days), with medium changes every 3-4 days until confluency. A typical
confluent culture is shown in Figure 4.

Human umbilical cords were obtained from Methodist Hospital, Roches-
ter, MN, as soon as possible post-partum. Only sections which had not been
damaged by clamps were used. At the delivery room suite, the umbilical vein
was located and catheterized in both ends of the cord with sterile 3mm ball
surgical steel catheters with leuer tips. One catheter was attached to a 20 cc
syringe containing 37°C PBS-1 mg/ml glucose buffer, and the other had a 3 inch
section of plastic tubing attached with clamp. The vessel was rinsed free of
blood components using the syringe, and then maintained patent by slightly
distending the vessel with pressure from the syringe, while the plastic tubing
was clamped closed. Following this procedure, the cord was transported to the
lab immersed in a 37°C PBS bath. The vessel was again rinsed with PBS-
glucose, then tilléd to distention with 0.6 mg/ml collagenase-PBS-glucose.
Collagenase was allowed to incubate 12-15 minutes inside the vessel, then

drained into a conical tube by gravity. Syringes (20 cc) were attached to the
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Figure 4
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Figure 4. Confluent Bovine Aortic Endothelium. Endothelium was cultured

from aortic tissue on tissue culture treated plastic surfaces. Cultured cells
were allowed to reach confluence (cells covering entire surface of culture
container), prior to use in any of the described experimental protocol, with
medium changes (refeeding) every 3-4 days until confluence was attained. This
primary culture exhibits the characteristic cobble-stone appearance peculiar to

confluent endothelial cells in culture. (480x magnification, Zeiss Standard 18

microscope)
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catheters, and 20 ml of PBS-glucose was forced back-and-forth through the
vessel to shear sheets of cells loose. The buffer-cell suspension was drained
into a sterile 15 ml conical centrifuge tube (Co-Star, Cambridge,MA), and
centrifuged for 5 minutes at 1000 rpm. The cell pellet was suspended in
medium 199 supplemented with 20% FBS, 20 U/ml penicillin, 20 ug/ml strepto-
mycin, and 150 ug/ml ECGS, and seeded into Co-Star 6-well cluster culture
dishes at 30-50% density of cell clumps per dish. Medium was changed the next
day to remove debris and dead cells, and the culture was re-fed at 3-4 day

intervals until confluent (7-10 days).

Isolation of Factor V from Bovine Plasma:

Bovine blood was obtained from animals exsanguinated at Rock Dell
Meats and Processing, Rock Dell, MN. QAE-cellulose was from Schleicher and
Schuell, Inc., Keene, NH. Sepharose CL-4B and octy!-Sepharose were from
Pharmacia Fine Chemicals, Uppsala, Sweden and Cibacron blue dye was from
Polysciences, Warrington, PA.  Ultrapure ammonium sulfate was from
Schwarz/Mann, Orangeburg, NY. Tris-base and soybean trypsin inhibitor (STI)
were from Sigma, St Louis, MO. Beef lung heparin was from Upjohn,
Kalamazoo, MI. Benzamidine-HCI was obtained from Aldrich, Milwaukee, WI.

All other materials were analytical grade. QAE buffer was 0.025 M Tris-HClI,

5 mM CaCl,, | mM benzamidine, pH 7.5.

The method of isolation of bovine factor V was as described by Nesheim
et al. (33). No more than nine liters of blood were collected, by catching the
blood flowing from an exsanguinated animal, into a plastic pail containing one

liter of anti-coagulant. The anti-coagulant consisted of 2.85% trisodium
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citrate, 10 mM benzamidine-HC! hydrate, 0.02% STI and 2.5 U/ml heparin.
Collected blood was thoroughly mixed with anticoagulant, then placed into a
ten liter carboy for immediate transport. Blood from two animials was
collected for the isolation procedure to be described, and processing began as
quickly as possible, with transportation time being the limiting factor. Plasma
was separated from cells using a DelLaval cream separator, at a flow rate of
one liter per minute at 4°c. Approximately ten liters of plasma was collected
into a 15 liter plastic container. Then, 1 M BaCl, (80 mi/liter of plasma) was
added via a separatory funnel over 20-30 minutes at 4°C with stirring, followed
by 50% (w/v) polyethylene glycol (PEG) 6000, added in the same manner, to a
final concentration of 4%. When all the PEG had been added, the mixture was
stirred 30 minutes longer. This suspension was centrifuged at 6000 g for 20
minutes at 4°C using 0.5 and | liter centrifuge bottles in three standing centri-
fuges.

About 1000 ml QAE resin was washed in a 2 liter coarse scintered glass
funnel with the following solutions: 1) 1 L 1 M NaCl, 2) 2 L distilled water, and
3) 2 L QAE buffer using moderate vacuum. The caramel-colored supernatant
was decanted into a 20 gallon plastic container, and placed onto a heavy duty
stirrer with a large (3 inch) stir bar. The equilibrated QAE resin was added to
the slowly stirring supernatant, followed by cold dHZO and cold QAE buffer, in
volumes equal to the supernatant volume (usually about 10 liters), and allowed
to stir for about 45 minutes at 4°C. The QAE resin was then allowed to settle
for one hour, supernatant fluid w#s siphoned off, the resin transferred into a 2
liter coarse scintered glass funnel, and placed onto a 4 liter Erlenmeyer vacuum

flask, with partial vacuum, to pack the resin. After packing, a piece of
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Whatman #1 filter paper was layered on top of the resin, followed by washing
with 2 liters of 0.02 imidazole-HCl, 5 mM CaClz, pH 6.5, then 2 liters of the
same buffer plus 0.1 M NaCl. Factor V was eluted with the same buffer plus
0.3 M NaCl. The eluate was collected in 3-4 fractions of about 500 ml each.
Factor V eluted very sharply, and was usually found in one or two of these
fractions. Washing and elution were accomplished at room temperature.
Ultrapure ammonium sulfate (0.361 gm/ml) was added to the eluate and stirred
for 30 minutes at 4°C. This suspension was centrifuged in two 250 ml plastic
centrifuge bottles in a swinging bucket rotor (Sorvall HS-4) at 10,000 g for 20
minutes at 4°C, Supernatants were discarded, and more suspension added, until
all the suspension had been centrifuged. The two pellets were stored overnight,
upside down at 4°C. The QAE resin was washed with 0.02 M imidazole-HClI,
5> mM CaClz, I M NaCl, pH 7.5, and stored in 1 M NaCl at 49C for future use.
An octyl-Sepharose column (4x32 cm) was prepared for use the next day
by washing with 1) 5% Triton X-100, 2) 90% methanol (degassed), and 3) dH,0
(also degassed). All octyl-Sepharose chromatography procedures were accom-
plished at room temperature. The next day the octyl column was equilibrated
with 0.01 M tris-borate, 1 M NaCl, | mM CaClz. The pelleted sample was
dissolved in about 100 ml of equilibration buffer, and applied to the column.
When all of the sample had been loaded onto the column, flow was stopped for
about 30 minutes, then started, with a flow rate of about 7 ml/minute,
collecting 10 ml fractions. Absorbance of fractions were read until Aggp Was
less than 0.1. Elution was accomplished using a 0—0.6 M NaCl gradient in octyl
buffer. Peak fractions were collected and pooled, then, ammonium sulfate

(0.435 gm/ml) was added and stirred at 4°C for 30 minutes. The suspension was
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pelleted by centrifugation at 10,000 g for 20 minutes at 4°C, and stored

overnight (or over the weekend if necessary).

. &

:,} The pellet was dissolved in 100 ml 0.01 M tris-borate, 1 mM CaClz, ~nd

‘ applied to a Cibacron blue-Sepharose column (2.4x20 cm), which had been

¥ equilibrated in the same buffer. The column was washed with the same buffer

:.‘ until Azsowas less than 0.01. Elution was accomplished, using the same buffer

-::j with a 0—0.6 M NaCl gradient, collecting 10 ml fractions. Factor V peak
' fractions were pooled, chilled to 0°C, and precipitated with ammonium sulfate

( (0.435 gm/ml), while stirring for about 30 minutes at 4°C. The suspension was

centrifuged in a swinging bucket rotor at 10,000 g for 20 minutes at 4°C. The

pellet was carefully drained, then dissolved in 5-10 ml 0.01 M tris-borate,l mM

CaCl,, 50% glycerol, and stored, in glass, at -20°c.

Factor V levels were determined throughout the isolation, using the
'. bioassay as described below.

Zjll Factor V Bioassay:

> Bioassays were done in 12 x 75 mm borosilicate (glass) clotting tubes

::JE: from Fisher Scientific, Pittsburgh, PA. Sampies to be bioassayed were diluted

5: in 0.02 M imidazole, 0.15 M<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>